Studies of sUblimation mechanisms are carried out to uncover the reaction .steps by which atoms break away from their neighbors in the crystal lattice and are removed into the gas phase. Detailed understanding of these steps should allow us to control vaporization, increase or suppress its rate by suitable adjustment of the conditions of sUblimation.
Most previous studies of sublimation were carried out under conditions of equilibrium between the solid and vapor in order to obtain thermodynamic data (vaporpress~e,.enthalpy, free energy) for the vaporization reaction.
Vaporization experiments of this type, however, do not yield information about the reaction path. ' . Little attention has been paid to studies . ! .
• . ' of the kinetics of vaporization which are carried out far from equilibrium and should' provide information 'about the mechanism of SUblimation. energy barrier, E , R is the gas constant and T is the temperature.
The maximum theoretical rate of vaporization from the surface, J ,would be attained at a given temperature if the solid were in max dYnamic equilibrium with the vapor [k(A) = k' (A) ]. Under ,these con-
ditions the net rate, J, is zero. Such conditions may be studied however, by carryirig out the vaporization experiment in a cell (Knudsen cell) with a very small orifice through which one may "sample" the vapor phase without significantly perturbing the solid-vapor equilibrium.
Thus,' fromeq~iiibr~~(Knudsen cell) studies one can determine the maximum evaporation rate of most SUbstances. The vacuum sublimation rate, on the other hand, may have any value depending on the mechanism of vaporization but its upper limit is that which is obtained under dynamic equilibrium conditions at a given temperature. It is customary to express the deviation of the vacuum evaporation rate, J , from that v of the maximum equilibrium rate, J ,in terms of the evaporation .
. max coefficient, a, which is given by aCT) = J (T)/J (T).l We shall ,. v max see that the vacuum evaporation rate for some substances can be equal to the maximum rate (a(T):: 1) while for others it can be orders of rragnitude smaller than the maximum rate (aCT) « 1).
There is strong experimental eVidence~{ndicating that the surface of the solid is heterogeneous, one can distinguish several atomic positions which'differ in the number of neighbors surrounding them. 
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During vaporization the structure of the surface adjusts itself to the particular conditions of sublimation as to attain optimal vaporization rate. During these rearrangements in the surface structure there is ari initially tra~sient evaporation rate. 5 After a short induction period h~ver, a steady state vaporization rate is obtained which can then be mainta5.ned at a given temperature.
Studies of sublimation mechanisms may be divided into two categories.
(1) Chemical studies which 'are carried out to uncover the chemical re- From measurements of the vacuum evaporation rates. at different temperatures using one face of a clean single crystal one can determine the activation e'nergy of ~pori~ation. These data however, do not tell us the mechanism of the vaporization reaction. Suitable complimentary experiments should be performed to uncover the reaction steps which control the desorption rate of the vaporizing species. Here I· 'list some of the experiments which, for certain solids, were found useful in identifying the reaction steps of the complex vaporization reaction.
1.
Sublimation rate measurements using crystals doped with im-
4,10 pur1 1es. .
2.'
Study 'of the -sublimation rate of crystals with defects (vacancie s, 3. Sublimation rate measurements as a function of the surface concentration of the ~porizing species. 13 4. Measurement of the sublimation rates in a temperature range i'rhere 14 15 phase transitions occur or in the presence of a liquid phase. ' 
Illumination of the vaporizing surface by -light of suitable
wave eng n an 1n ens1 y.
It should be noted that as the conditions of sub lima. tion are changed the nite controlling reaction step may change as well. Thus, the evapora- These materials have sUblimation rates which are appreciably smaller than the maximillnequilibrium rate.
Sublimation Mechanism of Sbdium Chloride
The sUblimation mechanism bf sodium chloride has been investigated using the (100) face' of the single crystal in the temperature range parts per million of calcium, the vacuu~ evaporation rate of the (100) face decreased markedly to about one-tenth of the maximum rate of sublimation ( Fig. 2) . Also, the activation energies of vaporization have The observation that the ratio of monomer (NaCl) and dimer (Na 2 C1 2 ) molecules remains constant for the different dislocation density crystals even though the total evaporation rate changes markedly indicate that .1. .
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there is no equl lbrilim on the surface between these two specles. If we assume that the surface area of the vaporizing crystal face is equal to the geometrical surface area, such a large vacuum evaporation rate, J ,implies that every surface atom should be available for submax limation with equal probability. This, of course, is very unlikely considering the heterogeneous nature of the surface (many different atomic sites with varying atomic binding energies). Closer inspection of the metal surfaces (using eleCtron microscope) reveals, however, a considerable roughness thUs, -markedly increased surface area. The larger total surface area with respect to the geometric area_ could make it possible that only a fraction of the total surface at.oms, which are in suitable atomic positions and have sufficient energy, would vaporize per unit area and the maximum sublimation rate could still be maintained. 23
and others have shown that no matter how rough the surface becomes the evaporation rate may never be larger than the maximum sublimation rate from a crystal 'oJ'ith the smooth, geometrical surface area (for a condensation coefficient near unity).
At the onset of the vaporization experiments the sublimation rates 1oJ'Gre reported to be lower for both zinc and silver single crystals and only slO'. The evaporation rate of arsenic can be increased by orders of rr~g-nitude in the presence of liquid thallium which is placed in intimate contact wi~h the vaporizing surface. 14 It appears that the formation of AS 4 molecules is catalyzed by the presence of the liquid metal. 5
14 The sublimation characteristics of antimony and red phosphorus were found to" be similar to that of arsenic.
These experimental results appear to 'be consistent ,\-lith the mechanism that t,ne slow reaction step in the vaporization process is associated \·r:,th It is interesting to note that for sodium chloride crystals the steady state evaporation rate was dependent on the initial density of dislocations while for arsenic the same steady state evaporation rate was reached at a given temperature regardless of changes in dislocation density (after a short induction period). This difference in vaporization behavior is thought to be due to the much shorter mean free path for surface diffusion of sodium chloride ion pairs as opposed to arsenic molecules.
Sublimation Mechanism of Cadmium Sulfide
There are large groups of SUbstances which dissociate to their atomic constituents or molecular aggregates of their constituents. The vaporization kinetics of these materials have been "investigated. 'I shall discuss the sublimation mechanism of only one of these substances, cadmium sulfide which has been investigated in detail. . plays a more dominant role in determining the rate of vaporization.
Once the reaction steps which lead to sublimation are known the sub- 10-1~----~----------~----------~----------- 
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